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(57) ABSTRACT 

An optical head includes a hologram Which extracts, from a 
luminous ?ux of re?ected light from an optical disk, at least a 
?rst luminous ?ux branch Which does not include the optical 
axis of the luminous ?ux; and a photodetector Which receives 
the re?ected light from the optical disk and produces signal 
output, Wherein the photodetector has light-receiving areas 
Which receive the ?rst luminous ?ux branch of re?ected light 
from an optical information recording medium layer targeted 
for recording or playback out of the plurality of optical infor 
mation recording medium layers of the optical disk, the light 
receiving areas are placed in such a Way that the signal output 
resulting from a light spot formed by the ?rst luminous ?ux 
branch of the re?ected light from the optical information 
recording medium layer targeted for recording or playback is 
practically the same between the ?rst and second photodetec 
tion areas, and a boundary line of the light-receiving areas is 
located in such a position as not to include light spots formed 
by luminous ?uxes of re?ected light from the optical infor 
mation recording medium layers other than the optical infor 
mation recording medium layer targeted for recording or 
playback. 

17 Claims, 14 Drawing Sheets 
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OPTICAL HEAD, CONTROL METHOD FOR 
OPTICAL HEAD, AND OPTICAL 

INFORMATION PROCESSING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a US. national phase application of 
PCT International Patent Application No. PCT/JP2007/ 
052467 ?led on Feb. 13, 2007, claiming the bene?t of priority 
of Japanese Patent Application No. 2006-036281 ?led on 
Feb. 14, 2006, all of Which are incorporated by reference 
herein in their entirety. 

TECHNICAL FIELD 

The present invention relates to an optical head, optical 
information processing apparatus, and the like, Where the 
optical head is used for recording and playback on/from an 
information recording medium such as an optical disk Which 
has a plurality of optical information recording medium lay 
ers and the optical information processing apparatus is 
equipped With the optical head and performs recording and 
playback. 

BACKGROUND ART 

Recently, optical disks, Which can record large amounts of 
information signals at high density, have come into use in 
many ?elds including audio, video, and computer ?elds. 
Today, When high-capacity, high-speed data transfer is 
becoming possible, greater packaging density is required in 
order to record large volumes of data such as moving-image 
information. 

To achieve greaterpackaging density, there is no Way but to 
reduce recording mark intervals and track pitches in the opti 
cal information recording medium layers. To perform reads 
and Writes from and to an optical information recording 
medium With small recording mark intervals and a small track 
pitch, a minute laser spot is needed. 

HoWever, siZe of a laser spot (hereinafter referred to as a 
spot siZe) has a loWer limit Which depends on analysis limits, 
and it is not possible to reduce the spot siZe in?nitely. Thus, an 
optical disk’s in-plane recording density Which depends on 
siZe of the recording marks or track pitch has a limit Which in 
turn depends on the loWer limit of the spot siZe. 

To deal With this situation, there are attempts to increase 
information density per optical disk by increasing the number 
of optical information recording medium layers. 
When information is read out of a multilayer optical disk 

using a conventional optical head, signal cross-talk may occur 
among the layers, resulting in large errors in a read signal. 
One of the causes of this is that focus position of laser light 
can deviate from a desired optical information recording 
medium layer. 
A technique for eliminating disturbances in a focus error 

signal due to signal cross-talk is disclosed in Japanese Patent 
Laid-Open No. 2002-183987. 

FIG. 11 is a diagram shoWing a con?guration of such a 
conventional optical information recording medium and opti 
cal head. The con?guration and operation Will be described 
beloW With reference to FIG. 11. 

Laser light emitted from a semiconductor laser 111 is con 
verted into a parallel beam by a collimating lens 123, con 
verted into a circular beam by a triangular prism 112, re?ected 
by a polariZing beam splitter 131, converted into circularly 
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2 
polariZed light by a quarter-Wave plate 121, and then nar 
roWed to a minute spot by an objective lens 141. 

At focus position of the spot, a multilayer optical disk 1501 
is rotating and re?ected light With intensity variations is gen 
erated from optical information recording medium layers 
1511, 1512, 1513, and the like Which have recording marks. 
The re?ected light returns to the objective lens 141. Then, the 
re?ected light is converted into linearly polariZed light by the 
quarter-Wave plate 121 and transmitted through the polariZ 
ing beam splitter 131. The transmitted light is divided into 
tWo parts by a half prism 132. Re?ected light from the half 
prism 132 is collected by a condensing lens 143 and directed 
onto a tWo-split photodetector 152 in order for electronic 
circuits 161 and 162 to generate a tracking error signal 172 
and data signal 173. 

Transmitted light from the half prism 132 is shielded by a 
knife edge 122, collected by a condensing lens 142, and 
directed onto a four-split photodetector 153. The four-split 
photodetector 153 includes four photodetection elements 
1531, 1532, 1533, and 1534. If voltage outputs of the four 
photodetection elements 1531, 1532, 1533, and 1534 after 
current-voltage conversion are denoted by A, B, C, and D, 
respectively, an electronic circuit 164 performs signal pro 
cessing such that the voltage outputs A, B, C, and D Will 
satisfy the relationship E:A—B+C—D and thereby generates a 
focus error signal 171 Which has a voltage output E. 

As shoWn in FIG. 12, re?ected light from that optical 
information recording medium layer 1512 of the multilayer 
optical disk 1501 on Which the objective lens 141 is focused 
enters the tWo photodetection elements 1532 and 1533 in 
central part of the four-split photodetector 153 and forms a 
laser spot 181. The re?ected light from the optical informa 
tion recording medium layer 1512 Which is in focus is 
designed to be collected and focused on a dividing line a 
betWeen the photodetection elements 1532 and 1533 and 
enter the photodetection elements 1532 and 1533 in equal 
quantities so that the voltage outputs B and C generated from 
the tWo photodetection elements 1532 and 1533 after current 
voltage conversion Will be equal. 
As shoWn in FIG. 13, re?ected light from the optical infor 

mation recording medium layer 1511 Which is adjacent to the 
optical information recording medium layer 1512 enters the 
tWo photodetection elements 1533 and 1534 located in a 
lateral half of the four-split photodetector 153 and forms a 
laser spot 182. At this time, re?ected light from the adjacent 
layer is designed to be focused on the left side of the dividing 
line a betWeen the photodetection elements 1532 and 1533. 
Also, splitting position betWeen the photodetection elements 
1533 and 1534 is designed to be such that the laser spot 182 
Will enter the photodetection elements 1533 and 1534 in 
equal quantities and that the voltage outputs C and D gener 
ated from the photodetection elements 1533 and 1534 after 
current-voltage conversion Will be equal. 

This can be achieved, for example, by setting Width L2 of 
each of the tWo inner photodetection elements 1532 and 1533 
shorter than Width L1 of each of the tWo outer photodetection 
elements 1531 and in a splitting direction among the four 
photodetection elements 1531, 1532, 1533, and 1534 of the 
four-split photodetector 153. Then, after the electronic circuit 
164 performs signal processing such that the outputs of the 
four photodetection elements 1531, 1532, 1533, and 1534 of 
the four-split photodetector 153 Will satisfy the relationship 
E:A—B+C—D to generate a focus error signal 171 Which has 
a voltage output E, and to control a lens actuator 163 of the 
objective lens 141, it is possible to focus on a desired optical 
information recording medium layer Without being affected 
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by defocused re?ected light from the adjacent optical infor 
mation recording medium layers. 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

However, the technique described above for removing dis 
turbances in a focus error signal With the conventional optical 
head has the folloWing problem. 
As shoWn in FIG. 14, in the con?guration of the four-split 

photodetector 153, a laser spot 183 formed on the photode 
tection element 1533 is actually a result of superimposition of 
the re?ected light (hereinafter referred to as re?ected light 1) 
from the optical information recording medium layer 1511 
and re?ected light (hereinafter referred to as re?ected light 2) 
from the optical information recording medium layer 1512. 
At this time, in the laser spot 183, re?ected light 1 and 

re?ected light 2 are interfering With each other on the photo 
detection element 1533. Furthermore, surface movement 
resulting from rotation of the multilayer optical disk 1501 
causes changes in light quantities of re?ected lights 1 and 2, 
interference betWeen Which ampli?es more changes in light 
quantity of the laser spot 183. 

The changes in the light quantity of the laser spot 183 
appear as variation in the focus error signal, getting out of the 
Way of establishing focus position. 
When the knife edge 122 shields incident light, the incident 

light is diffracted by an end face of the knife edge 122, 
causing re?ected light 2 to also enter the photodetection ele 
ment 1532 adjacent to the photodetection element 1533. The 
incident light on the photodetection element 1532 affects 
computations of the focus error signal. 

The present invention has been made in vieW of the above 
problem and has an object to provide an optical head Which 
can reduce disturbances in a focus error signal due to re?ected 
light from optical information recording medium layers adja 
cent to a desired optical information recording medium layer 
as Well as to provide an optical information processing appa 
ratus Which uses the optical head. 

SUMMARY OF THE INVENTION 

The 1“ aspect of the present invention is an optical head 
comprising: 

a light source; 
a condensing unit Which collects light from the light source 

and directs the light onto an optical disk Which has a plurality 
of optical information recording medium layers; 

a luminous ?ux extracting unit Which extracts, from a 
luminous ?ux of re?ected light from the optical disk, at least 
a ?rst luminous ?ux branch Which does not include the optical 
axis of the luminous ?ux; and 

a photodetection unit Which receives the re?ected light 
from the optical disk and produces signal output, 

Wherein the photodetection unit has ?rst and second pho 
todetection areas Which receive the ?rst luminous ?ux branch 
of re?ected light from an optical information recording 
medium layer targeted for recording or playback out of the 
plurality of optical information recording medium layers of 
the optical disk, and 

the ?rst and second photodetection areas are divided by a 
boundary line Which includes an intersecting point of the 
optical axis of the luminous ?ux of the re?ected light from the 
optical disk and are located in such a position that a light spot 
formed by the ?rst luminous ?ux branch of the re?ected light 
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4 
from the optical information recording medium layer targeted 
for recording or playback is focused on the boundary line, and 

the boundary line used to extract the ?rst luminous ?ux 
branch in the luminous ?ux extracting unit is located at a 
distance d from a diametrical axis Which includes the optical 
axis of the luminous ?ux in the luminous ?ux extracting unit 
so that the ?rst luminous ?ux branch of re?ected light from 
the layers other than the optical information recording 
medium layer targeted for recording or playback forms a light 
spot in such a position on the photodetection unit as not to 
overlap the ?rst light spot. 
The 19th aspect of the present invention is the optical head 

according to the 1S’ aspect of the present invention, Wherein 
the signal output resulting from the light spot formed by the 
?rst luminous ?ux branch of the re?ected light from the 
optical information recording medium layer targeted for 
recording or playback is the same betWeen the ?rst and sec 
ond photodetection areas. 
The 20th aspect of the present invention is the optical head 

according to the 1S’ aspect of the present invention, Wherein 
the luminous ?ux extracting unit extracts a second lumi 

nous ?ux branch or a plurality of second luminous ?ux 
branches including the optical axis of the luminous ?ux other 
than the ?rst luminous ?ux branch from the luminous ?ux of 
the re?ected light from the optical disk; and 

the photodetection unit does not receive the second lumi 
nous ?ux branch or branches. 

The 21“ aspect of the present invention is the optical head 
according to the 20th aspect of the present invention, Wherein 

the luminous ?ux extracting unit has a ?rst transparent 
surface and a second transparent surface divided by a straight 
line located at a distance d (d>0) from a diametrical axis 
Which includes the optical axis of the re?ected light from the 
optical disk; 

the ?rst luminous ?ux branch is produced by passage 
through the ?rst transparent surface; and 

the second luminous ?ux branch or branches are produced 
by passage through the second transparent surface. 
The 22'” aspect of the present invention is the optical head 

according to the 21S’ aspect of the present invention, Wherein 
the distance d satis?es: 

d§(O.5><(D/2)) (Formula 1) 

Where D is ?ux diameter of re?ected light Which enters the 
luminous ?ux extracting unit. 
The 23rd aspect of the present invention The optical head 

according to the 1S’ aspect of the present invention, Wherein 
light-receiving areas of the ?rst photodetection area and the 
second photodetection area are not equal in siZe. 
The 24th aspect of the present invention is the optical head 

according to the 1S’ aspect of the present invention, Wherein a 
focus error signal is generated based on a difference in signal 
output betWeen the ?rst photodetection area and the second 
photodetection area. 
The 25th aspect of the present invention is the optical head 

according to the 20th aspect of the present invention, further 
comprising a sub-photodetection unit Which receives the sec 
ond luminous ?ux branch or branches, Wherein 

a tracking error signal is generated based on signal output 
from the sub -photodetection unit. 
The 26th aspect of the present invention The optical head 

according to the 1S’ aspect of the present invention, Wherein 
the number of optical information recording medium layers 
of the optical disk is three or more. 
The 27th aspect of the present invention The optical head 

according to the 1S’ aspect of the present invention, Wherein 
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interlayer distance among the plurality of optical information 
recording medium layers is 40 um or less. 

The 28th aspect of the present invention is the optical head 
according to the 1S’ aspect of the present invention, Wherein 
interlayer distance among the plurality of optical information 
recording medium layers is 25 um or less and Wavelength of 
the light source is 408 nm. 

The 29th aspect of the present invention is the optical head 
according to the 1S’ aspect of the present invention, Wherein 
the luminous ?ux extracting unit has a knife edge. 

The 30th aspect of the present invention is the optical head 
according to the 20th aspect of the present invention, Wherein 
the luminous ?ux extracting unit has a diffractive element. 

The 31“ aspect of the present invention is the optical head 
according to the 20th aspect of the present invention, Wherein 
the luminous ?ux extracting unit has a prism. 

The 32”daspect of the present invention is a control method 
for an optical head, comprising: 

a condensing step of collecting light from a light source and 
directing the light onto an optical disk Which has a plurality of 
optical information recording medium layers; 

a luminous ?ux extracting step of extracting, from a lumi 
nous ?ux of re?ected light from the optical disk, at least a ?rst 
luminous ?ux branch Which does not include the optical axis 
of the luminous ?ux; and 

a photodetection step of receiving the re?ected light from 
the optical disk and producing signal output, 

Wherein the photodetection step includes a ?rst and second 
photodetection steps of receiving the ?rst luminous ?ux 
branch of re?ected light from an optical information record 
ing medium layer targeted for recording or playback out of 
the plurality of optical information recording medium layers 
of the optical disk, and 

the ?rst and second photodetection steps operate, by divid 
ing areas by a boundary line Which includes an intersecting 
point of intersecting With the optical axis of the luminous ?ux 
of the re?ected light from the optical disk, in such a position 
that a light spot formed by the ?rst luminous ?ux branch of the 
re?ected light from the optical information recording 
medium layer targeted for recording or playback Will be 
focused on the boundary line. 

The 33rd aspect of the present invention is the control 
method for an optical head according to the 32'” aspect of the 
present invention, Wherein the light spot formed on the pho 
todetection unit by the ?rst luminous ?ux branch of the 
re?ected light from the optical information recording 
medium layer targeted for recording or playback does not 
overlap each other a light spot formed on the photodetection 
unit by the ?rst luminous ?ux branch of re?ected light from 
the layers other than the optical information recording 
medium layer targeted for recording or playback. 

The 34th aspect of the present invention is an optical infor 
mation processing apparatus comprising: 

an optical head Which optically records and plays back 
information on/from an optical disk; 

a rotation unit Which rotationally drives the optical disk; 
and 

a control unit Which controls the optical head; Wherein 
the optical head is the optical head according to claim 1. 
The optical head and optical information processing appa 

ratus of the present invention offer the great advantage of 
reducing disturbances in the focus error signal due to the 
re?ected light from the optical information recording 
medium layers adjacent to a desired optical information 
recording medium layer. 
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6 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of an optical head 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a schematic block diagram of an optical disk 
according to the ?rst embodiment of the present invention; 

FIG. 3 is a schematic diagram of a detection system accord 
ing to the ?rst embodiment of the present invention; 

FIG. 4(a) is a front vieW shoWing a con?guration of a 
hologram 7; FIG. 4(b) is a front vieW shoWing a con?guration 
of light-receiving areas 811 and 8b; 

FIG. 5 is a schematic diagram shoWing hoW a detection 
spot is received from adjacent layers, according to the ?rst 
embodiment of the present invention; 

FIG. 6 is a diagram shoWing focus error signals according 
to the ?rst embodiment of the present invention; 

FIG. 7 is a diagram shoWing a relationship betWeen a 
distance d of position of a dividing line 7g in the hologram 7 
and a ratio of the focus error signal to quantity of re?ected 
light from an optical disk 30, according to the ?rst embodi 
ment of the present invention; 

FIG. 8 is a schematic diagram of a detection system accord 
ing to a second embodiment of the present invention; 

FIG. 9 is a schematic diagram shoWing another con?gura 
tion example of the detection system according to the second 
embodiment of the present invention; 

FIG. 10 is a schematic block diagram of an optical infor 
mation processing apparatus according to a third embodiment 
of the present invention; 

FIG. 11 is a schematic block diagram shoWing a con?gu 
ration of a conventional optical information recording 
medium and optical head; 

FIG. 12 is a schematic diagram shoWing an image formed 
on a four-split photodetector by re?ected light from an optical 
information recording medium layer at an in-focus position 
of the conventional optical head; 

FIG. 13 is a schematic diagram shoWing an image formed 
on a four-split photodetector by re?ected light from an adja 
cent optical information recording medium layer With the 
conventional optical head; and 

FIG. 14 is a diagram illustrating a problem With the con 
ventional optical head. 

DESCRIPTION OF SYMBOLS 

1 Semiconductor laser 
2 Beam splitter 
3 lA-Wave plate 
4 Collimating lens 
5 Re?ective mirror 
6 Objective lens 
7 Hologram 
7a, 7b, 7c Subregion 
7g, 7h Dividing line 
8 Photodetector 
8a, 8b, 8c, 8d Light-receiving area 
8x Dividing line 
9 TWo-axis actuator 
10 Optical head 
20, 21, 22 Detection spot 
20m Detection spot 
2211 Detection spot 
30 Optical disk 
31, 32, 33, 34 Optical information recording medium layer 
40 Stepping motor 
41 Lens holder 
50 Casing 
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51 Optical disk drive unit 
52 Control unit 
70 Detection light focused on target layer 
70m Re?ected light from adjacent layer on near side (nearer 

to objective lens 6) of target layer 
7011 Re?ected light from adjacent layer on far side (farther 

from objective lens 6) of target layer 
71 Prism 
71a, 71b, 71c Sub-prism 
80 Knife edge 
80a Edge 
111 Semiconductor laser 
112 Triangular prism 
121 Quarter-Wave plate 
122 Knife edge 
123 Collimating lens 
131 Polarizing beam splitter 
132 Halfprism 
142 Objective lens 
142, 143 Condensing lens 
152 TWo-split photodetector 
153 Four-split photodetector 
161, 162, 164 Electronic circuit 
163 Lens actuator 
171 Focus error signal 
172 Tracking error signal 
173 Data signal 
181 Laser spot 
182 Laser spot 
1501 Multilayer optical disk 
1511 Optical information recording medium layer 
1512 Optical information recording medium layer 
1513 Optical information recording medium layer 
1531 to 1534 Photodetection element 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiments of an optical head and optical information 
processing apparatus according to the present invention Will 
be described beloW With reference to the appended draWings, 
in Which identical reference numerals denote the same com 
ponents or similar operations. 

First Embodiment 

FIG. 1 is a schematic block diagram of an optical head 
according to a ?rst embodiment of the present invention. 

In FIG. 1, reference numeral 1 denotes a semiconductor 
laser, 2 denotes a beam splitter, 3 denotes a l/4-Wave plate, 4 
denotes a collimating lens, 5 denotes a re?ective mirror, 6 
denotes an objective lens, 7 denotes a hologram, 8 denotes a 
photodetector, 9 denotes a tWo-axis actuator Which drives the 
objective lens 6, 40 denotes a stepping motor Which drives the 
collimating lens 4, and 41 denotes a lens holder Which holds 
the collimating lens 4, all of Which are components of the 
optical head 10. Incidentally, reference numeral 30 denotes 
an optical disk Which uses a transparent substrate as a base. 

Also, as shoWn in FIG. 2, optical information recording 
medium layers 31, 32, 33, and 34 are formed, in order from a 
light incidence plane (from the side of the objective lens 6), on 
the optical disk 30. Thicknesses of light-transmitting layers 
from the surface to the optical information recording medium 
layers 31, 32, 33, and 34 are d1, d2, d3, and d4, respectively. 

Description Will be given of basic operation of the optical 
head 10 When information is recorded orplayed back on/ from 
the optical disk 3 0. Linearly polariZed laser light emitted from 
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8 
the semiconductor laser 1 is transmitted through the beam 
splitter 2, converted into circularly polariZed light by the 
1/4-Wave plate 3, converted into a parallel beam by the colli 
mating lens 4, re?ected by the re?ective mirror 5, and focused 
as a light spot through the transparent substrate by the objec 
tive lens 6 on an optical information recording medium layer 
targeted for recording or playback among the optical infor 
mation recording medium layers 31 to 34 of the optical disk 
30. 
The laser light re?ected from the speci?c optical informa 

tion recording medium layer targeted for recording or play 
back (hereinafter referred to as the target layer) is transmitted 
through the objective lens 6 again, re?ected by the re?ective 
mirror 5, transmitted through the collimating lens 4, con 
ver‘ted by the 1A-Wave plate 3 into linearly polariZed light 
different from the polariZed light in the outWard travel, 
re?ected by the beam splitter 2, and led to the photodetector 
8 by the hologram 7. 
The laser light detected by the photodetector 8 is subjected 

to photoelectric conversion, and then subjected to computa 
tions by a computing unit 11 to generate a focus error signal 
needed to folloW surface movement of the optical disk 30 and 
tracking error signal needed to folloW eccentricity. Based on 
the focus error signal and tracking error signal, the tWo-axis 
actuator 9 drives the objective lens 6 in tWo axis directions so 
that the light spot Will folloW information tracks of the rotat 
ing optical disk 30. 
The collimating lens 4 is held in the holder 41 in such a Way 

as to be able to move along an optical axis of the laser light by 
being driven by the stepping motor 40. According to the 
thicknesses of the light-transmitting layers of the optical 
information recording medium layers 31 to 34, the laser light 
is converted into diverging light or converging light by the 
collimating lens 4 so as to correct spherical aberration due to 
the thicknesses of the light-transmitting layers. Then, the 
spherical aberration is corrected using spherical aberration of 
reverse polarity generated by the objective lens 6. 
The present invention is distinguished by the hologram 7 

and photodetector 8 Which constitutes a detection optical 
system of the optical head. This Will be described in detail 
beloW. 

FIG. 3 is a schematic diagram of the detection optical 
system in the optical head according to the present embodi 
ment. FIG. 4(a) is a front vieW shoWing a con?guration of the 
hologram 7 and FIG. 4(b) is a front vieW shoWing a con?gu 
ration of light-receiving areas 811 and 8b. In FIG. 3, the holo 
gram 7 is shoWn in a perspective vieW to illustrate an optical 
path in the detection optical system and the photodetector 8 is 
shoWn in a plan vieW to illustrate a con?guration of the 
photodetector 8. 
As shoWn in FIG. 3 and FIG. 4(a), the hologram 7 includes 

a dividing line 7g and dividing line 7h, Where the dividing line 
7g is a straight line parallel to, and a distance d (d>0) aWay 
from, a diameter of a detection spot formed by a luminous 
?ux of re?ected light from the target layer in a passage plane 
of re?ected light from the optical disk 30 While the dividing 
line 7h extends from the center of the dividing line 7g per 
pendicularly to the dividing line 7g. 

Consequently, the hologram 7 is divided into three subre 
gions 7a, 7b, and 70. Then, grids of different patterns are 
formed corresponding to the subregions 7a, 7b, and 70 to 
provide a predetermined diffraction direction (described 
later). Areas of the subregions 7a, 7b, and 7c satisfy the 
relationship 7a<(7b+7c). 
As shoWn in FIG. 3, the photodetector 8 has four light 

receiving areas 8a, 8b, 8c, 8d rectangular in shape. The central 
light-receiving areas 811 and 8b, Which are intended for detec 










